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TRANSDUCING HEAD DESIGN WITH LOW ERASURE FIELD 

CROSS-REFERENCE TO RELATED APPLICATION(S) 
None. 

BACKGROUND OF THE INVENTION 

The present invention relates generally to the field of magnetic data 
storage and retrieval systems. More particularly, the present invention relates to a 
transducing head having a perpendicular writer portion in which side-writing is 
reduced significantly as compared to existing transducing head designs. 

A transducing head of a magnetic data storage and retrieval system 
typically includes a writer portion for storing magnetically-encoded data on a 
magnetic medium and a reader portion for retrieving the magnetically-encoded data 
stored on the magnetic medium. The reader portion is positioned adjacent the writer 
portion. The writer portion may be a perpendicular writer or a longitudinal writer. 
In either case, the general structure of the writer is similar, although the actual 
operation and dimensions of its elements will differ substantially. In a longitudinal 
writer, the poles are commonly referred to as a bottom pole and a top pole, whereas 
in a perpendicular writer, the poles are commonly referred to as a return pole and a 
main pole. Longitudinal writing differs from perpendicular writing in that bits are 
written to a magnetic medium in a direction substantially parallel to a surface of the 
magnetic medium, rather than in a direction substantially normal to the surface of 
the medium. Perpendicular writers are utilized in order to obtain higher areal 
density. 

A perpendicular writer is typically formed of a main pole, a back via, 
a return pole, a write gap, and one or more conductive coil layers. A main pole may 
also be known as a "write pole," and a return pole may also be known as an 
"auxiliary pole." The main pole and return pole are separated from each other at an 
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air bearing surface (ABS) of the perpendicular writer portion by the write gap and 
are connected to each other at a region away from the ABS by the back via. The 
ABS is the surface of the transducing head immediately adjacent a magnetic 
medium. Positioned between the main pole and the return pole are the conductive 
coil layers encapsulated by insulating layers, which generally wrap around the back 
via. The main pole, back via, and return pole are each made of magnetic material. 
The write gap is generally a layer formed of nonmagnetic material. 

The reader portion is typically formed of a bottom reader shield, a 
top reader shield and a magnetoresistive (MR) sensor positioned between the bottom 
and top reader shields. The top shield is the shield closest to the writer portion. 
Insulating layers are positioned between the MR sensor and the reader shields. The 
writer portion and reader portion are often arranged in a merged configuration in 
which a shared pole serves as both the top reader shield in the reader portion and a 
return pole in the writer portion. 

A magnetic medium for perpendicular recording is generally formed 
of three layers: a medium layer having high perpendicular anisotropy, a nonmagnetic 
interlayer, and a soft magnetic underlayer (SUL) having high permeability. A 
perpendicular writer portion is positioned to write data in track on the magnetic 
medium, which is rotated at a high speed. The transducing head is supported over 
a surface of the magnetic medium by a thin cushion of air produced by the high 
rotation speed. This surface is the ABS referenced earlier. 

In order to write to the magnetic medium, a time- varying electrical 
current, also known as a write current, is caused to flow through the conductive coils 
layers of the perpendicular writer. The write current produces a time-varying 
magnetic field through the main and return poles. The main pole and return pole 
assume opposite magnetic charges at any instant for a given write current, thus the 
magnetic field links from the main pole to the return pole, or vice versa. The 
magnetic medium is passed near the ABS of the transducing head at a predetermined 
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magnetic fields emanating from adjacent tracks on the magnetic medium or 
neighboring magnetic bits on the same track so that the MR sensor will read only 
information stored directly beneath it on a specific track of the magnetic medium. 

In recent years, writer portion widths and reader portion widths have 
been decreased to accommodate ever-increasing areal densities of magnetic storage. 
Perpendicular recording allows for higher linear bit density as compared to 
longitudinal recording because the bits are written to the magnetic medium in a 
direction substantially normal to the surface of the medium, rather than substantially 
parallel to the surface of the medium as in parallel recording. 

A perpendicular recording system requires a medium with a SUL of 
high permeability as a result large magnetic field appearing at a trailing edge of the 
return pole during the write process. The trailing edge of the return pole is the edge 
closest to the main pole. The large magnetic field at the trailing edge of the return 
pole results from the magnetic field concentrating itself at the trailing edge of the 
return pole during the return path. In addition, the trailing edge of other magnetic 
elements of the transducing head, such as the reader shields, may generate a large 
magnetic field, caused by stray magnetic fields emanating from the return path. The 
large magnetic field generated at the trailing edge of the return pole or the reader 
shield is generally known as the erasure field. The erasure field can be large enough 
to erase or write over previously written neighboring tracks on the magnetic medium 
by destabilizing the medium magnetization configuration or write over the 
previously written tracks by reorienting the previously defined magnetization 
pattern. The erasure field activity is generally known as "side-writing." Transducing 
heads that reduce or minimize side writing are desirable. Thus, there is a need for 
a transducing head design which reduces side-writing. 
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BRIEF SUMMARY OF THE INVENTION 
The present invention is a transducing head having a main pole and 
at least one magnetic element (such as a return pole or reader shields) spaced from 
the main pole, which provides a potential return path for a magnetic field. The 
magnetic element has a first edge closest to the main pole and a second edge furthest 
from the main pole. Permeability of the magnetic element increases from the first 
edge to the second edge. 

In a preferred embodiment, the magnetic element is formed of a 
plurality of layers, where a ratio of permeability between adjacent layers is 
approximately constant. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a top view of typical disc drive system employing a 
transducing head having a perpendicular writer portion and a reader portion. 

FIG. 2 is a cross-sectional view of a transducing head having a 
perpendicular writer portion and a reader portion in accord with the present 
invention, and a cross-sectional view of a magnetic medium. 

FIG. 3 is a cross-sectional view of a first embodiment of a 
transducing head in accord with the present invention. 

FIG. 4 is a cross-sectional view of a magnetic element in accord with 
the present invention. 

FIG. 5 is a graph illustrating a profile of an absolute value of a 
magnetic field formed by a perpendicular write head having a return pole in accord 
with the present invention and a profile of a magnetic field formed by a 
perpendicular write head having a return pole having uniform permeability. 

DETAILED DESCRIPTION 

The present invention recognizes that side writing at a trailing edge 
of a magnetic element of a transducing head is reduced by varying permeability of 
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a, ,eas, one return pole, as exemplified herein in de,ail, without any suggests of 
ltaW , g or restricting of .he app.ication of the present invention to the part.cn.ar 
types of perpendicular writers iUustraUd in the examples. Similarly, .he present 
invention may he applied «o any return pole shape, such as a rectangular, eUtpuca., 
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pofe- are used interchangeably to refer «o a part of a perpendicular writer whtch 
actuaHy writes on a magnefic medium as illustrated herein. The tenns 
and "stared pole' are used to refer to the mastic pole opposing me main pole and 
forming a part of magnetic flux path as illustrated herein. 

" FIG 1 is a top view of typical disc drive system 10 employng a 

transducing head having a perpendicmar writer and reader portion. Dtsc drive 
systemlOincludesmapteficmediumnmounted for rotafiona. movement about an 

axis defined by sptndle ,4 within housing ,6. Disc drive system .0 a!so ine.udes 
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Drive controller 26 is coup.ed ,0 actuator 18. Drive controller 26 is ether 
mountab.e within disc drive system ,0 or is located outside of disc drive system 10 
with suitable connection to actuator .8. Actuator ,8 includes e-block assemb.y 28, 
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MR sensor 120 is a multilayer deviee operable ,0 sense magneUc 
f,e,ds from magnetic medium 106. MR sensor .20 may be any one of a plurafity of 
MR-type sensors, inc.ud.ng but not .united to, AMR (anisotropic magnetoresrshve), 
OMR (gtan, mag.etoresistive), and TMR (tunne. magnetoresishve). A, .east one 

sensor, tba. quires longitudinal biasing Top and bottom reader shreWs .24 and 
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re ,um pole ..2, bu, it is no, necessary to the operation of transducmg head .00. 
Thus, top and bottom reader shie.ds .24 and ,26 may be formed of maguetr 
ma ,eria, such tha, permeability of top and bottom reader shie,* ,24 an 26 
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pcrmeabifity (designated as p> increases, ft, an attentate embodiment, top and 
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Magnetic medium 106 comprises medium layer 142, interlayer ,44, 
and soft underlay. (SUL, ,46, and ts generaUy used for perpe„d,eu,ar recordmg. 
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hterlayer 144 is formed of a nonmagnetic matenal. SUL 
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(-thickness-). The thickness of ,he return pole is measured along fte direction of 
Lve movement of .he transducing head. Return po.e ,12 is substan,,a.,y larger 

than main pole 108 at the ABS. 

A magnetie field will generally travel a path with the least magnette 
resistance ("reluctance'). If a firs, magnetic ma.ena, A has a higher permeabthry 

a magnenc field ton second materia, B and wU, conduc. me same magnehc flux 
de „si,y more easily man second materia, B. Pernreahi,i.y is a measure of a 
materia,, ability .0 acqutre high magne.iza.ion in a re,a,ive,y weak magnenc fielft 
Thus, .he higher the permeahihty of a materia,, the easier me matena, wt„ conduc, 
a magnetic fie,d. Genera„y, a return po,e formed of firs, materia, A w„,wn,e more 
efficiently than a return po,e formed of second matena, B because firs, matena, A 

consequently acquires high magnetization. 

By design, a trailing edge of a prior ari return pole may generate a 
large magnetie field during the writing process. The large magnetic field at the 
JLg edge of the pnor ari return pole results from a magnetic fie,d concentrahng 
artonainngengeofuaere^po.ednringmerehnnpam.mtautan^^ 

filing edge of another magnetic Cement of a transducing head ft* provides a 
potentia, return paft for a malefic field emanating fiom the main po,e, such as a 
Lp or bottom reader shield. The concentration of fte magnefic field a, fte tmthng 
e, g eoffterePumpo,eorofterma^e,ic dement contributes tofteproblem of stde- 
W n,ing,becauseftemagne,icfie,da„he«raihngeoge m aybeofsuchamagmmde 

a, to overcome fte coercive force of a magnetic medium, and may thus erase or 
write over previously written hacks. That is, fte concentrated magnet, fie,d at fte 
trailing edge of a magnetic element will erase or write over areas of the magnettc 
m ediutn immediately adjacent fte ABS of fte hathng edge of fte magnenc Cement. 
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The magnetic field may crowd around a trailing edge of a return pole 
while completing a magnetic flux path and create a large magnetic field because the 
trailing edge is the first portion of the transducing head that has the least resistance 
during the return path. The magnetic field is attracted to the shortest path and the 
path with the least resistance. Ideally, the magnetic field would spread itself across 
the entire thickness of the return pole while completing the magnetic flux path, in 
which case, the magnetic field at the trailing edge of the return pole would not be of 
such a magnitude as to overcome the coercive force of magnetic medium, and side- 
writing would not result. However, this is generally not the case. The magnetic field 
crowding around the trailing edge of other magnetic elements of the transducing 
head may be caused by stray magnetic fields emanating from the return path. This 
may also contribute to the side-writing problem. Thus, there is a need for a magnetic 
element design which does not cause crowding of the magnetic field at the trailing 
edge of the magnetic element. The magnetic element may be a return pole, reader 
shield, or any other magnetic element of a transducing head that provides a potential 
return path for a magnetic field emanating from the main pole. 

The present invention recognizes the potential problems of a return 
pole formed of a material having uniform permeability. A return pole having 
uniform permeability may contribute to the crowding of a magnetic field around the 
trailing edge of the return pole. Assuming a transducing head having the same 
structure as transducing head 100, if a return pole is formed of a material having 
uniform permeability, the trailing edge of the return pole will be formed of the same 
material as the leading edge furthest from the main pole. The magnetic flux path 
with the least resistance is between an SUL of a magnetic medium and the trailing 
edge of the return pole. The magnetic field will not spread across the thickness of 
the return pole because that would not be a path with the least resistance. Air has 
greater resistance to a magnetic field than magnetic material forming the return pole, 
and in order for the magnetic field to spread across the thickness of the return pole, 
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the magnetic field has to travel through more air than if the magnetic field were to 
crowd at the trailing edge of the return pole. Thus, the magnetic field will crowd 
around the trailing edge of the return pole having uniform permeability. 

The present invention also recognizes that if permeability of any 
magnetic element that can potentially provide a return path for a magnetic field, such 
as a return pole or a reader shield, gradually increases, with lowest permeability at 
a trailing edge and highest permeability at a leading edge, crowding of the magnetic 
field at the trailing edge of the magnetic element will be minimized, and any peak 
value of a magnetic field completing its flux path through the magnetic element will 
not be of sufficient value to contribute to side-writing. By reducing a peak magnetic 
field that flows through the magnetic element during a return path to below an 
coercive force of the magnetic medium, side-writing will be reduced. 

Different methods are used to continuously vary permeability of the 
magnetic element. One method is continuously varying the composition of magnetic 
material during the deposition process or by varying the sputtering or plating 
conditions. Magnetic material may be deposited using plating or sputtering methods 
known in the art. Another method of varying the permeability of the magnetic 
element is depositing a plurality of layers of magnetic material, with each 
succeeding material having greater permeability than the previously deposited 
material. A ratio of permeability between adjacent layers should remain 
approximately constant, in order for the permeability to gradually increase. The 
layers may be deposited using plating or sputtering methods known in the art. 

FIG. 3 is a cross-sectional view of a first embodiment of transducing 
head 200 in accord with the present invention. Transducing head 200 is comprised 
of writer portion 202 and reader portion 204. Writer portion comprises main pole 
206, back via 208, return pole 210, write gap 212, and conductive coil layers (not 
shown). Main pole 206 and return pole 210 are separated from each other at an ABS 
of transducing head 200 by write gap 212 and connected to each other at a region 
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away from the ABS by back via 208. Conductive coil layers (not shown) wrap 
around back via 208. Return pole 210 is formed of three layers of magnetic 
material, first layer 214, second layer 216, and third layer 218. 

An edge of first layer 214 forms a trailing edge of return pole 210, 
that is, the edge closest to main pole 206, which is the trailing pole. In addition, first 
layer 214 is formed of magnetic material having a lower permeability than second 
layer 216. An edge of third layer 218 forms a leading edge of return pole 210. 
Permeability of return pole 210 increases from first layer 214 to third layer 218. 
Permeability of third layer 218 is greater than permeability of second layer 216, 
which is greater than permeability of first layer 214. A ratio of the permeability of 
first layer 214 to the permeability of second layer 216 is approximately the same as 
a ratio of the permeability of second layer 216 to third layer 218. First layer 214, 
second layer 216, and third layer 218 may be deposited by plating or sputtering 
methods known in the art. 

In an alternate embodiment, writer portion 202 has a second return 
pole (not shown) formed of magnetic material, where return pole 210 and the second 
return pole are positioned on opposite sides of main pole 206. The second return 
pole may be formed of a single layer of magnetic material or may be formed of the 
same three layers as return pole 210 in order to minimize any potential side-writing 
problems. If the second return pole is formed of the same three layers as return pole 
210, first layer 214 is closest to main pole 108 and third layer 218 is furthest from 
main pole. The second return pole is larger than main pole 108 at the ABS. 

Reader portion 204 comprises top and bottom reader shields 222 and 
224, MR sensor 226, insulating layer 228, and gap layer 230. Top and bottom reader 
shields 224 and 226 may be single layers or may be formed of the same three layers 
as return pole 210 in order to minimize any potential side-writing problems. 

The write process for transducing head 200 is similar to the one 
described with respect to transducing head 100 in FIG. 2. A magnetic field flowing 
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through main pole 206 will complete its magnetic flux path using return pole 210. 
With the return pole configuration shown in FIG. 3, the magnetic field will 
complete its path using the thickness of return pole 210, rather than just a trailing 
edge of return pole 210, because the magnetic field will complete a flux path using 
a path having the least resistance. The magnetic field will first begin its return path 
through first layer 214, but then will spread out and flow through second and third 
layers 216 and 218 because second and third layers 216 and 218 have higher 
permeability and lower resistance to the magnetic field. Thus, a magnetic field will 
not concentrate at the trailing edge of return pole 210 and a peak magnetic field 
flowing through return pole 210 will not be of sufficient value to overcome an 
coercive force of a magnetic medium, and side-writing will be reduced. If reader 
shields 224 and 226 also have multiple layers like return pole 210, they will 
minimize side-writing caused by reader shields 224 and 226 in a similar way. That 
is, a magnetic field will not concentrate at a trailing edge of top or bottom reader 
shields 224 or 226 because stray magnetic fields will complete its flux path using 
the thickness of the top or bottom reader shields. 

FIG. 4 is a cross-sectional view of magnetic element 300 in accord 
with the present invention. Magnetic element 300 is any part of a transducing head 
that provides a potential return path for a magnetic field emanating from a main 
pole, such as a return pole or a reader shield. FIG. 4 is shown to aid the reader in 
understanding the relationship of the permeability ratios of the layers may form 
magnetic element 300. Although FIG. 4 depicts five layers of similar thickness, 
magnetic element 300 may be formed any number of layers of similar or different 
thickness. Magnetic element 300 is formed of first layer 302, second layer 304, third 
layer 306, fourth layer 308, and fifth layer 310. Layers 302, 304, 306, 308, and 310 
are formed of magnetic material. Trailing edge 312 of magnetic element 300 is an 
edge of first layer 302, and leading edge 314 of magnetic element 300 is an edge of 
fifth layer 310. 
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Permeability of magnetic element 300 is increasing in a direction 
moving away from trailing edge 312 of magnetic element 300, with lowest 
permeability at first layer 302, and greatest permeability at fifth layer 310. In 
addition, an approximately constant ratio of permeability between adjacent layers 
is desired. That is, looking at FIG. 4, a ratio of permeability of first layer 302 to 
permeability of second layer 304 is approximately the same as a ratio of permeability 
of second layer 304 to permeability of third layer 306, which is approximately the 
same as a ratio of permeability of third layer 306 to permeability of fourth layer 308, 
which is approximately the same as a ratio of permeability of fourth layer 308 to 
permeability of fifth layer 310. Otherwise stated, the permeability of fifth layer 310 
is greater than the permeability of fourth layer 308, which is greater than the 
permeability of third layer 306, and so forth. 

With the magnetic element configuration shown in FIG. 4, a 
magnetic field will complete its path using the thickness of magnetic element 300, 
rather than just trailing edge 312 of magnetic element 300, because the magnetic 
field will complete a magnetic flux path using a path having the least resistance. 
Fifth layer 310 has the highest permeability and conducts the magnetic field with 
less resistance than first layer 302. Magnetic element 300 conducts the magnetic 
field with less resistance than air, thus the magnetic field will begin completing its 
flux path using trailing edge 312 of magnetic element 300. The magnetic field will 
begin completing its flux path through first layer 302, second layer 304, third layer 
306, and fourth layer 308. However, because the flux path having the least 
resistance requires the magnetic field to flow through fifth layer 310, there will no 
longer be crowding of the magnetic field at trailing edge 312 of magnetic element 
300, and as a result, a peak magnetic field value at trailing edge 312 of magnetic 
element 300 will be minimized. In addition, a peak magnetic field value at any point 
at the ABS of magnetic element 300 will be lower than if magnetic element 300 
were formed of a material having a uniform permeability. 
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Although FIGS. 3 and 4 show a magnetic element having a gradually 
increasing permeability achieved through utilizing multiple layers of material, other 
means may be used to achieve a magnetic element having an increasing 
permeability. Other means may include continuously varying the composition of the 
magnetic element using sputtering or plating methods known in the art to create a 
continuously varying permeability. 

FIG. 5 is a graph illustrating a profile of an absolute value of a 
magnetic field formed by a perpendicular write head having a return pole in accord 
with the present invention and a profile of a magnetic field formed by a 
perpendicular write head having a return pole having uniform permeability. The 
profile is taken along the cross-sectional view of a perpendicular write head, similar 
to the views shown in FIGS. 2 and 3, using a Finite Element Method. In FIG. 5, the 
absolute value of the total magnetic field formed by a perpendicular write head is 
plotted as a function of the down track position. The solid line represents a 
magnetic field formed by the write head with the return pole in accord with the 
present invention. The dashed line represents a magnetic field formed by the write 
head with the return pole having a uniform permeability. Peak Pj is an absolute 
value of a magnetic field at a trailing edge of the return pole in accord with the 
present invention. Peak P3 is an absolute value of a magnetic field at a main pole 
of the write head having the return pole in accord with the present invention. Peak 
P2 is an absolute value of a magnetic field at a trailing edge of the return pole having 
a uniform permeability. Peak P 4 is an absolute value of a magnetic field at a main 
pole of the write head with the return pole having a uniform permeability. 

As FIG. 5 shows, Pi is less than P 2 , demonstrating that the return 
pole design in accord with the present invention reduces a peak magnetic field at a 
trailing edge of a return pole. A lower magnetic field at a trailing edge of a return 
pole helps eliminate side- writing. Pi should be reduced to below the coercive force 
of a magnetic medium being used in order to reduce side- writing. In addition, FIG. 
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5 shows that the magnetic field along the return pole in accord with the present 
invention is spread more evenly over a thickness of a return pole as compared to the 
return pole having a uniform permeability. In addition, a peak value P5 of a 
magnetic field generated along the return pole in accord with the present invention 
is lower than the peak value P2 of a magnetic field generated along the return pole 
having a uniform permeability. P3 and P 4 are substantially the same value, 
demonstrating that varying the permeability of a return pole does not affect the peak 
magnetic field emanating from a main pole. 

Although the present invention has been described with reference to 
preferred embodiments, workers skilled in the art will recognize that changes may 
be made in form and detail without departing from the spirit and scope of the 
invention. 



